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$EVWUDFW
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9; 6HYHUDO VWHSV ZHUH WDNHQ WR DVVXUH WKDW WKH GHYHORSHG VLPXODWLRQ V\VWHP ILWV WKH FXUUHQW UHVHDUFK DQG
HQJLQHHULQJ QHHGV LQFOXGLQJ WKH HYDOXDWLRQ RI D FLW\¶V WUDIILF SUREOHPV GHILQLWLRQ RI SHUIRUPDQFH PHWULFV
GHYHORSPHQWRI9;HQDEOHG WUDIILFPDQDJHPHQWDSSOLFDWLRQVDQG WKHH[WHQVLRQRI WKHVLPXODWRUVXVHGZLWKLQ WKH
GHYHORSHGVLPXODWLRQDUFKLWHFWXUH:LWKLQWKLVUHSRUWWKHPDMRUUHVXOWVRIWKHSURMHFWZLOOEHSUHVHQWHG0RVWRIWKHVH
UHVXOWVZHUHPDGHIUHHO\DYDLODEOHDIWHUWKHSURMHFW¶VHQG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGVWUDIILFPDQDJHPHQWYHKLFXODUFRPPXQLFDWLRQVLPXODWLRQ
,QWURGXFWLRQ
9HKLFXODU FRPPXQLFDWLRQ 9; ± WKH DELOLW\ WR H[FKDQJHPHVVDJHV EHWZHHQ YHKLFOHV DQG EHWZHHQ
YHKLFOHVDQGLQIUDVWUXFWXUH±LVDIDVWJURZLQJUHVHDUFKWRSLFKLJKO\DVVLVWHGE\WKH(XURSHDQ&RPPLVVLRQ
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7KH L7(75,6 SURMHFW ZDV FRIXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ DQG DLPHG DW GHYHORSLQJ DQG
LPSOHPHQWLQJDVRIWZDUHV\VWHPIRUVLPXODWLQJYHKLFXODUFRPPXQLFDWLRQDQGDSSOLFDWLRQVZKLFKDUHXVLQJ
9;WHFKQRORJ\7KHIRFXVZDVWRDOORZWKHVLPXODWLRQRIODUJHVFDOHWUDIILFPDQDJHPHQWDSSOLFDWLRQV±
VRFDOOHGHIILFLHQF\DSSOLFDWLRQV±EDVHGRQYHKLFXODUFRPPXQLFDWLRQV2WKHUW\SHVRIDSSOLFDWLRQVXVLQJ

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WKLV WHFKQRORJ\VXFKDVDSSOLFDWLRQVZKLFKDLPRQ LQFUHDVLQJYHKLFOHVDIHW\RUPXOWLPHGLDDSSOLFDWLRQV
ZHUH QRW UHJDUGHGZLWKLQ WKH SURMHFW%HIRUH LPSOHPHQWLQJ WKH VLPXODWLRQ VRIWZDUH LWVHOI VHYHUDO VWHSV
ZHUHWDNHQWRDVVXUHLWZRXOGILWWKHHQGXVHUVQHHGV
7KH UHVW RI WKLV GRFXPHQW LV VWUXFWXUHG DV IROORZLQJ ILUVW D VKRUW LQWURGXFWLRQ WR WKH VLPXODWLRQ RI
YHKLFXODUFRPPXQLFDWLRQLVJLYHQ7KHQWKHVWHSVWDNHQIRUGHWHUPLQLQJWKHHQGXVHUQHHGVDUHGHVFULEHG
7KHQ WKH LPSOHPHQWHG V\VWHP LV SUHVHQWHG IROORZHG E\ D VXPPDU\ RQ SHUIRUPHG HYDOXDWLRQV 7KH
GRFXPHQWHQGVZLWKDVXPPDU\
9;6LPXODWLRQ
:KLOH WKH LGHD RI FRPPXQLFDWLQJ YHKLFOHV JRHV EDFN WR  DQG WKH*0 ³)XWXUDPD´:RUOG )DLU
+DUWHQVWHLQ/DEHUWHDX[ WKHDOORFDWLRQRIQHZFRPPXQLFDWLRQFKDQQHOVZLWKLQ86$-DSDQDQG
(XURSHDQ 8QLRQ IRU YHKLFXODU FRPPXQLFDWLRQ DV ZHOO DV DYDLODEOH FKHDS 'HGLFDWHG 6KRUW 5DQJH
&RPPXQLFDWLRQ'65&RU,(((SKDUGZDUHUDLVHGQHZLQWHUHVWLQYHKLFXODUFRPPXQLFDWLRQ1RW
RQO\SRWHQWLDO DSSOLFDWLRQVRI9; WHFKQRORJ\KDYH WREH LQYHVWLJDWHG EXW DOVR VROXWLRQV WR UHDOL]H WKH
FRPPXQLFDWLRQEHWZHHQYHKLFOHV LWVHOI KDYH WREHGHYHORSHG RSHQLQJ WKH UHVHDUFK ILHOG WR LQIRUPDWLRQ
DQGFRPPXQLFDWLRQVFLHQWLVWVDQGHQJLQHHUV
$OWKRXJK9;DSSOLFDWLRQVZRXOGSUHIHUDEO\EHGHYHORSHGDQGHYDOXDWHGLQUHDOZRUOGHQYLURQPHQWV
ORJLVWLF VDIHW\ DQG PRQHWDU\ FRVW UHDVRQV PDNH VLPXODWLRQEDVHG HYDOXDWLRQV D FULWLFDO DQG QHFHVVDU\
SKDVHEHIRUHGHSOR\PHQW6LPXODWLRQVDOVRRIIHUDQHDVLHUUHSURGXFLELOLW\RIUHVXOWV IRUWKHGHYHORSPHQW
RI 9; DSSOLFDWLRQV DV ZHOO DV WKH LQYHVWLJDWLRQ RI WKH EHQHILW RI D JUDQXODU SHQHWUDWLRQ RI WKH 9;
WHFKQRORJ\SRVVLEOH
7KHILUVWVLPXODWLRQVSHUIRUPHGLQWKLVDUHDUHJDUGHGRQO\WKHFRPPXQLFDWLRQSDUWZKLOHWKHEHKDYLRU
RI WUDIILFSDUWLFLSDQWVZDVQHJOHFWHG&RPSXWHUQHWZRUNVLPXODWRUVVXFKDVQVQVZHUHXVHG
DQG H[WHQGHG E\ SURSHU PRGHOV IRU PHVVDJH SURSDJDWLRQ 7KH IDFW WKDW WKH PHVVDJH VHQGHUVUHFHLYHUV
³QRGHV´ZHUHPRYLQJZDVUHVHPEOHGXVLQJUDQGRPPRYHPHQWRQD'SODQHRUE\PRYLQJWKHPDORQJ
VLPSOHURDGQHWZRUNVDWDFRQVWDQWVSHHG7KHSRVLWLRQFKDQJHVZHUHJLYHQWRWKHQHWZRUNVLPXODWRUVDVD
OLVW RI FRRUGLQDWHV DW WKH VLPXODWLRQ¶V VWDUW DQG ZHUH UHSOD\HG GXULQJ WKH VLPXODWLRQ¶V UXQ 7KHVH ILOHV
GHVFULELQJWKHPRYHPHQWRIDQRGHYHKLFOHWKURXJKWKHQHWZRUNDUHFDOOHG³WUDFHILOHV´
7KHQH[WVWHSIRUJDLQLQJDODUJHUGHJUHHRIUHDOLW\ZDVWRXVHWUDIILFVLPXODWLRQVIRUJHQHUDWLQJWUDFH
ILOHV .DUQDGL0R/DQ7KLVSURFHGXUHDOORZHG LQFOXGLQJPRYHPHQWFKDUDFWHULVWLFVRI YHKLFOHV
LQWR WKH VLPXODWLRQ UXQV LQFOXGLQJ WKH G\QDPLFV RI VLQJOH YHKLFOHV DVZHOO DV FRQVWUDLQWV SRVHG E\ WKH
LQIUDVWUXFWXUHVXFKDVKDOWLQJLQIURQWRIUHGOLJKWV$GGLWLRQDOO\PRVWWUDIILFVLPXODWLRQSDFNDJHVDOORZ
VHWWLQJXSUHDOZRUOGURDGQHWZRUNVVRWKDWWKHEHKDYLRULQDFHUWDLQUHDOZRUOGVFHQDULRFDQEHPRGHOHG
$ORQJZLWKJDLQLQJPRUHH[SHUWLVHLQVLPXODWLQJYHKLFXODUFRPPXQLFDWLRQVWKHZLVKWRPRGHOQRWRQO\
WKHFRPPXQLFDWLRQLWVHOIEXWDOVRWKHHIIHFWVRIDSSOLFDWLRQVZKLFKXVHWKHH[FKDQJHGLQIRUPDWLRQJUHZ
6RPPHU HW DO  $V WKH HIIHFWV PDQLIHVW LQ GULYLQJ EHKDYLRU VXFK DV ODQH FKDQJHV
DFFHOHUDWLRQGHFHOHUDWLRQ URXWH FKDQJHV RU LQ FKDQJHV RI WKH LQIUDVWUXFWXUH VXFK DV D SURORQJHG JUHHQ
OLJKWWLPHIRUPRVWRFFXSLHGURDGVWKHVLPXODWLRQRIWKHVHHIIHFWVZDVQRWSRVVLEOHXVLQJSUHGHILQHGWUDFH
ILOHV ,QVWHDG WKH FKDQJHV LQ GULYHULQIUDVWUXFWXUH EHKDYLRU KDG WR EH SXW EDFN DQG LQFRUSRUDWHG LQWR D
WUDIILFVLPXODWLRQIRULQYHVWLJDWLQJWKHLPSDFWRIWKHVHFKDQJHVRQWUDIILFLQODWHUVLPXODWLRQVWHSV
6HYHUDOV\VWHPVZKLFKDOORZDQLQWHUDFWLRQEHWZHHQDWUDIILFVLPXODWRUDQGDQHWZRUNVLPXODWRUH[LVW
0DQ\RIWKHPZHUHGHYHORSHGDVDSDUWRIDGRFWRUDOWKHVLVZKLFKSXWVVRPHFRQVWUDLQWVRQDORQJWHUP
DSSOLFDELOLW\RIWKHVHVRIWZDUHVROXWLRQV7KHPDMRUSUREOHPLVWKHODFNRIVXSSRUWIRUWKHVHWRROVDIWHUWKH
HQG RI WKH WKHVLV ZLWKLQ ZKLFK WKH\ ZHUH GHYHORSHG $GGLWLRQDOO\ WKHVH WRROV XVXDOO\ FRYHU RQO\ WKH
IHDWXUHV QHHGHG ZLWKLQ WKH WKHVLV PDNLQJ WKHP DSSOLFDEOH IRU RQO\ VRPH SDUW RI SRVVLEOH 9; XVDJH
VFHQDULRV $W ODVW DV WKH VWDQGDUGL]DWLRQ RI YHKLFXODU FRPPXQLFDWLRQ LV SURJUHVVLQJ WKH\ RIWHQ XVH
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RXWGDWHG DVVXPSWLRQV DERXW WKH FRPPXQLFDWLRQ FKDUDFWHULVWLFV ,Q FRQWUDVW L7(75,6ZDV LQWHQGHG DV D
VXVWDLQDEOHXSWRGDWHDQGVXSSRUWHG9;VLPXODWLRQHQYLURQPHQW
L7(75,6$SSURDFK
)RU DVVXULQJ WKDW WKH GHYHORSHG VLPXODWLRQ V\VWHP ZLOO EH FDSDEOH WR VLPXODWH PRGHUQ 9;EDVHG
WUDIILF PDQDJHPHQW DSSOLFDWLRQV WKH QHHGV ZHUH HYDOXDWHG ILUVW 7KH\ LQFOXGHG WKH GHWHUPLQDWLRQ DQG
LPSOHPHQWDWLRQ RI VLPXODWLRQ VFHQDULRV WKH GHYHORSPHQW RI PHWULFV DV ZHOO DV HYDOXDWLRQ RI SRVVLEOH
WUDIILFPDQDJHPHQWDSSOLFDWLRQV7KHQDPHGUHVXOWVZLOOEHGHVFULEHGLQGHWDLOLQWKHIROORZLQJ
6FHQDULRV
7KH ILUVW VWHS LQ L7(75,6GHYHORSPHQWZDV WR LQYHVWLJDWH UHDOZRUOG WUDIILF SUREOHPV7KH WDVNZDV
SHUIRUPHGE\WKHPXQLFLSDOLW\RIWKHFLW\RI%RORJQDZKRZDVRQHRIWKHL7(75,6SURMHFWSDUWQHUV)RXU
H[DPSOH DUHDV ZHUH UHFRJQL]HG DQG WKH SUREOHPV DULVLQJ LQ WKRVH DUHDV ZHUH GHVFULEHG $GGLWLRQDOO\
SURSRVDOVIRUWUDIILFPDQDJHPHQWVROXWLRQVZKLFKPD\VROYHWKHVHSUREOHPVZHUHJLYHQ7DEOHJLYHVD
VXPPDU\RQWKHVHUHVXOWV
7DEOH&KRVHQDUHDVZLWKLQWKHFLW\RI%RORJQDWRJHWKHUZLWKWUDIILFSUREOHPVIRXQGZLWKLQWKHPDQGSRVVLEOHVROXWLRQV
$UHD 3UREOHPV 6ROXWLRQ6WUDWHJ\
³DFRVWD´´SDVXELR´ SXEOLFWUDQVSRUWYVSULYDWH
HYHQWIRRWEDOOPDWFKHJ
WUDIILF
EXVODQHVPDQDJHPHQW
³LUQHULR´ GHWHFWRUVGRZQ LGHQWLI\PDOIXQFWLRQLQJGHWHFWRUV
 URDG\DUGV LQFUHDVHLQWHUVHFWLRQFDSDFLWLHV
  VXJJHVWDOWHUQDWLYHURXWHV
³ULQJZD\´ RQO\ZD\WRFURVVWKHFLW\ LQFUHDVHLQWHUVHFWLRQFDSDFLWLHV
 FRQJHVWLRQV VXJJHVWDOWHUQDWLYHURXWHV
  DOORZORZHPLVVLRQYHKLFOHWRFURVV
WKHLQQHUULQJ
³KLJKZD\RUELWDO´ FRQJHVWLRQVRQRUELWDO VXJJHVWEHVWRUELWDOH[LW
  

%HVLGHVWKHVHGHVFULSWLRQVVLPXODWLRQVFHQDULRVIRUWKHPLFURVFRSLFWUDIILFVLPXODWLRQ³9LVVLP´379
DDQGVFHQDULRVIRUWKHPDFURVFRSLFWUDIILFDVVLJQPHQWWRRO³9,680´379EZHUHJHQHUDWHG
(DFK RI WKHVH VFHQDULRV GHVFULEHV WKH WUDIILF ZLWKLQ DQ DUHD RI WKH FLW\ LQFOXGLQJ WKH GHILQLWLRQ RI WKH
GHPDQG IRU WKHSHDNKRXUEHWZHHQDPDQGDP$GGLWLRQDOO\ LQIRUPDWLRQ DERXW LQIUDVWUXFWXUH
VXFK DV WUDIILF OLJKWV SDUNLQJ ]RQHV RU YDULDEOH PHVVDJH VLJQV ZHUH JLYHQ LQ IRUP RI VKDSH ILOHV
LQWHUVHFWLRQ WHOHPHWULHV DQG WUDIILF OLJKW VLJQDO SODQV 7KHVH LQSXWV ZHUH FRQYHUWHG LQWR WKH WUDIILF
VLPXODWLRQ³6802´%HKULVFKHWDO.UDM]HZLF]'/5VHHDOVRVHFWLRQ)LJXUH
VKRZVWKHVFHQDULRVREWDLQHGIURP9LVVLP)LJXUHWKHRQHVFRQYHUWHGIURP9,680

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  
)LJL7(75,6VFHQDULRVH[WUDFWHGIURP9LVVLP³DFRVWD³SDVXELR´³MRLQHG´
  
)LJL7(75,6VFHQDULRVH[WUDFWHGIURP9,680³LUQHULR´³ULQJZD\´³KLJKZD\´$OOFRYHUSDUWVRIWKHFLW\RI%RORJQDSOHDVH
QRWHGLIIHUHQWVFDOHV
0HWULFV
:HOOGHILQHGPHWULFVPDNHVLPXODWLRQUXQVFRPSDUDEOH(YHQPHWULFVZKLFKVHHPWREHXQDPELJXRXV
FDQ GLIIHU LQ WKHLU GHILQLWLRQ VHH %ORNSRHO .UDM]HZLF] 1LSSROG  7KH GHILQLWLRQ RI PHWULFV LQ
L7(75,6 SXW WKH IRFXV RQ URDGWUDIILF UHODWHGPHWULFV DYDLODEOHZLWKLQ D WUDIILF VLPXODWLRQ7KH\ GLIIHU
VOLJKWO\IURPPHWULFVXVHGE\WUDIILFHQJLQHHUVDVDVLPXODWLRQKDVDFRPSOHWHNQRZOHGJHDERXWWKHVWDWH
RIWKHPRGHOHGQHWZRUNZKLOHUHDOZRUOGPHDVXUHVDUHPRVWO\LQFRPSOHWH
$WWKHYHU\EHJLQQLQJLWZDVIRXQGWKDWDGLVWLQFWLRQVKRXOGEHPDGHEHWZHHQQHWZRUNZLGHPHWULFV
DQGPHWULFVIRUVLQJOHLQWHUVHFWLRQV6RPHPDMRUPHWULFVVXFKDV³DYHUDJHWUDYHOWLPH´DUHYHU\FRPPRQ
IRU GHVFULELQJ WKH SHUIRUPDQFH RI D VROXWLRQ RQ D FLW\ZLGH OHYHO EXW FDQ KDUGO\ EH DSSOLHG WR VLQJOH
LQWHUVHFWLRQV2Q WKH FRQWUDU\ WKH SHUIRUPDQFH RI D WUDIILF OLJKW V\VWHP DW DQ LQWHUVHFWLRQ FDQ EHZHOO
GHVFULEHGXVLQJYDOXHVVXFKDVTXHXHOHQJWKZKLFKDUHUDWKHUXVHOHVVRQDFLW\ZLGHOHYHO
7KHPHWULFVZHUHGHYHORSHGE\FROOHFWLQJPHWULFVXVHGE\WKHSURMHFWSDUWQHUVILUVWURDGQHWZRUN
SHUIRUPDQFHPHWULFVDQGLQWHUVHFWLRQSHUIRUPDQFHPHWULFVZHUHIRXQG,QDVHFRQGVWHSWKHFROOHFWHG
PHWULFV ZHUH UDWHG E\ WKH LQYROYHG SDUWQHUV VHSDUDWHO\ XVLQJ ILYH JUDGHV EHWZHHQ µ ¶ LUUHOHYDQW DQG
µ¶ QHHGHG 7KH RYHUDOO UDQNLQJ IRU HDFK RI WKHPHWULFVZDV REWDLQHG E\ DYHUDJLQJ WKH SHUSDUWQHU
UDQNV7KHPHWULFVZKLFKZHUHUDQNHGPRVWLPSRUWDQW±QHWZRUNPHWULFVDQGLQWHUVHFWLRQPHWULFV±
ZHUH WKHQ GHILQHG XVLQJ ³DWRPLF´ PHDVXUHV VXFK DV FXUUHQW YHKLFOH YHORFLW\ URDG OHQJWK HWF )RU
H[DPSOHWKHPHWULF³WUDYHOWLPH´LVGHILQHGDV
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
XVLQJ
  VHW RI YHKLFOHV VLPXODWHG ZLWKLQ VFHQDULR V QXPEHU RI YHKLFOHV ZKLFK
    HQWHUHGWKHVLPXODWHGDUHDGXULQJWKHVLPXODWLRQUXQ
  WKHWLPHDWZKLFKYHKLFOHYHKHQWHUVWKHVLPXODWHGQHWZRUNLQ>V@

  WKHWLPHDWZKLFKYHKLFOHYHKOHDYHVWKHVLPXODWHGQHWZRUNLQ>V@

WKHWUDYHOWLPHRIYHKLFOHYHKLQ>V@

7KHFRPSOHWHOLVWRIGHILQHGPHWULFVFDQEHIRXQGLQ%ORNSRHO.UDM]HZLF]1LSSROG
$SSOLFDWLRQV
%DVHGRQWKHWUDIILFPDQDJHPHQWPHWKRGVSURSRVHGDIWHUWKHHYDOXDWLRQRIWKHWUDIILFZLWKLQWKHFLW\RI
%RORJQD DSSOLFDWLRQVZKLFK UHDOL]H WKHVHPHWKRGV XVLQJ YHKLFXODU FRPPXQLFDWLRQZHUH VSHFLILHG7KH
VSHFLILFDWLRQVLQFOXGHWKHIROORZLQJDSSOLFDWLRQV7UDIILFMDPDKHDGGHWHFWLRQGLVWULEXWHGPHWKRG7UDYHO
7LPH (VWLPDWLRQ &HQWUDOL]HG %XV ODQH PDQDJHPHQW ZLWK URDG UHFRPPHQGDWLRQ /LPLWHG $FFHVV
:DUQLQJ /DQH &ORVXUH  ZLWKRXW 5RDG 5HFRPPHQGDWLRQ 5HTXHVW%DVHG 3HUVRQDOL]HG 1DYLJDWLRQ
5HJXODWRU\DQGFRQWH[WXDO6SHHG/LPLW,QIRUPDWLRQ(PHUJHQF\9HKLFOH(YHQW%DVHG7UDIILF&RQGLWLRQ
1RWLILFDWLRQ 7UDIILF /LJKW $GDSWDWLRQ E\ 7UDIILF0DQDJHPHQW&HQWUH ,GHQWLILFDWLRQ RIPDOIXQFWLRQLQJ
/RRS'HWHFWRUV ,QGXFWLRQ /RRS 5HSODFHPHQW 3RVWSRQH GHSDUWXUH 7LPH IRU 5RDG1HWZRUN %DODQFLQJ
&HQWUDOL]HG5RXWH5HFRPPHQGDWLRQEDVHGRQ7UDYHO7LPH(VWLPDWLRQ'HFHQWUDOL]HG)ORDWLQJ&DU'DWD
5RXWLQJLQ7UDIILF/LJKWFRQWUROOHG1HWZRUN
)RU GHWHUPLQLQJ WKH LPSOHPHQWDWLRQ UHTXLUHPHQWV RI WKH L7(75,6 VLPXODWLRQ V\VWHP XQGHU
GHYHORSPHQWHDFKRIWKHVHDSSOLFDWLRQVZDVGHILQHGRQDILQHVFDOHE\JLYLQJ
x DWDEXODUGHVFULSWLRQLQFOXGLQJWKHW\SHRIPHVVDJHVXVHGE\WKLVDSSOLFDWLRQWKHDFWRUVLQYROYHGWKH
W\SHRIWKHUHTXLUHGQHWZRUNWKHQHHGHGFRPPXQLFDWLRQUDQJHWUDQVPLVVLRQIUHTXHQF\WKHPHVVDJH
H[SLU\WLPHDVZHOODVIXUWKHULQIRUPDWLRQDERXWKRZWKLVDSSOLFDWLRQVKRXOGEHHYDOXDWHG
x DFRPSRQHQWGLDJUDPVKRZLQJWKHVWUXFWXUHVZKLFKVKRXOGEHVLPXODWHGDVVLJQLQJWKHPWRWKH
LQYROYHGVLPXODWRUV
x DVHTXHQFHGLDJUDPVKRZLQJWKHEHKDYLRURIWKHUHDOZRUOGFRPSRQHQWV
x DVHTXHQFHGLDJUDPVKRZLQJWKHEHKDYLRURIWKHVLPXODWLRQFRPSRQHQWV
x WKHUHVXOWLQJKLJKOHYHOUHTXLUHPHQWVWRWKHLQYROYHGVLPXODWRUV
L7(75,66LPXODWLRQ6\VWHP
1HWZRUN6LPXODWRUQV
:LWKLQLQLWLDOWHVWVWKHQHWZRUNVLPXODWRUQVDQGLWVVXFFHVVRUQVQVZHUHFRPSDUHG7KH
WHVWVVKRZHGQVWREHPRUHVWDEOHZKHQVLPXODWLQJDODUJHQXPEHURIQRGHVZKLFKPDGHLWSUHIHUDEOHWR
QVIRUODUJHVFDOHHYDOXDWLRQV
:LWKLQ L7(75,6 PDMRU FKDQJHV WR QV ZHUH LPSOHPHQWHG )RU PDNLQJ LW LQWHURSHUDEOH ZLWK WKH
FRPSOHWHVLPXODWLRQV\VWHPQVZDVH[WHQGHGE\DVRFNHWEDVHGFRPPXQLFDWLRQLQWHUIDFHZKLFKDOORZV
WRWULJJHUWKHVLPXODWLRQRIVHQGLQJD9;PHVVDJHWRUHWULHYHWKHLQIRUPDWLRQDERXWUHFHLYHGPHVVDJHV
YHKV
VQ
GHSDUW
YHKW
DUULYDO
YHKW
GHSDUWDUULYDOWUDYHO
YHKYHKYHK WWW  
¦
 
 
YHKV

WUDYHO
YHKV
PHDQWLPHWUDYHO  VQ
Q
Q
V
V WQ3
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DQGZKLFKDOORZV WR WULJJHUDVLPXODWLRQ VWHS$VQV LVRULJLQDOO\XVHGIRU VLPXODWLQJZLUHG,3YDQG
,3Y QHWZRUNV IXUWKHU H[WHQVLRQVZHUH QHFHVVDU\ WR DOORZ WKH VLPXODWLRQ RIPHVVDJHV VHQW YLD D9;
ZLUHOHVV FKDQQHO7KHVH H[WHQVLRQV KDYHEHHQ UHDOL]HGE\ LPSOHPHQWLQJ D IXUWKHU FRPPXQLFDWLRQ VWDFN
ZKLFKOLYHVEHVLGHVWKHH[LVWLQJVWDFNVIRU,3YDQG,3YFRPPXQLFDWLRQZLWKLQQV)LJXUHVKRZVWKH
LPSOHPHQWHG DUFKLWHFWXUH DQG LWV FRPSRQHQWV UHYHDOLQJ WKH DOVR LPSOHPHQWHG FRPPXQLFDWLRQ FKDQQHOV
S8076:L0$;DQG'9%DQGWKHDELOLW\WRVLPXODWHGLIIHUHQWPHVVDJHURXWLQJSURWRFROV7KH
L&6LVWKHL7(75,6&RQWURO6\VWHPZKLFKZLOOEHIXUWKHUGLVFXVVHGLQVHFWLRQ
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
)LJQV9;VWDFNDUFKLWHFWXUHDQGFRPSRQHQWVZKHUH&&VWDQGVIRU&DU&DUDQG&&+6&+VWDQGVIRU&RQWURO&+DQQHO
DQG6HUYLFH&+DQQHOUHVSHFWLYHO\
$GGLWLRQDOO\GLIIHUHQWSURSDJDWLRQPRGHOVKDYHEHHQLQFOXGHGLQWRQVVKRZLQJWKHQHHGWRXVHPRGHUQ
SURSDJDWLRQPRGHOVVXFKDV:,11(5:,11(5ZKLFKUHJDUGREVWDFOHVEHWZHHQFRPPXQLFDWLRQ
QRGHVVXFKDVEXLOGLQJV
7UDIILF6LPXODWRU6802
7KH WUDIILF VLPXODWLRQ SDFNDJH ³6LPXODWLRQ RI8UEDQ0RELOLW\´ LV D GHYHORSPHQW RI WKH ,QVWLWXWH RI
7UDQVSRUWDWLRQ6\VWHPVDWWKH*HUPDQ$HURVSDFH&HQWHU7KHZRUNRQWKLVURDGWUDIILFVLPXODWLRQVWDUWHG
LQ  6802ZDVPHDQW WR EH UHOHDVHG DV RSHQ VRXUFH IURP WKH YHU\ EHJLQQLQJ DQG D ILUVW SXEOLF
YHUVLRQZDVUHOHDVHG LQ%HVLGHV WKH WUDIILFVLPXODWLRQ LWVHOI WKH6802SDFNDJH LQFOXGHVDVHWRI
IXUWKHU WRROV IRU LPSRUWLQJ DQG JHQHUDWLQJ URDG QHWZRUNV DV ZHOO DV IRU LPSRUWLQJ FRQYHUWLQJ DQG
JHQHUDWLQJ WUDIILF GHPDQG 6802 LV FDSDEOH RIPRGHOLQJ DQG VLPXODWLQJ URDG WUDIILF LQFOXGLQJ SXEOLF
WUDQVSRUWGLIIHUHQWWUDIILFOLJKWW\SHVDQGPXOWLODQHWUDIILF
6802 KDV DOUHDG\ GHYHORSHG LQWR D SRSXODU WRRO ZLWKLQ WKH YHKLFXODU FRPPXQLFDWLRQ VLPXODWLRQ
FRPPXQLW\ $IWHU EHLQJ XVHG IRU JHQHUDWLQJ WUDFH ILOHV DQ H[WHQVLRQ LPSOHPHQWHG PDLQO\ E\ WKH
8QLYHUVLW\RI/EHFNQDPHG³7UD&,´³7UDIILF&RQWURO,QWHUIDFH´DOORZHGWRXVH6802LQDORRSZLWK
DQ H[WHUQDO QHWZRUN VLPXODWLRQ DSSOLFDWLRQE\ FRXSOLQJERWKXVLQJ D VRFNHW FRQQHFWLRQ7KLV H[WHQVLRQ
DOORZV WR UHWULHYH WKH SRVLWLRQV RI VLPXODWHG YHKLFOHV EXW DOVR WR LQIOXHQFH WKHP E\ JLYLQJ WKHP
FRPPDQGV IRU ODQH FKDQJLQJ VSHHG DGDSWDWLRQ HWF &XUUHQWO\ 6802 LV XVHG LQ FRQMXQFWLRQ ZLWK
GLIIHUHQWFRPPXQLFDWLRQVLPXODWRUVXVLQJGLIIHUHQWPLGGOHZDUHVROXWLRQV
Žŵ
ŵ
ƵŶŝĐĂƚŝŽŶƚĞĐŚŶŽůŽŐǇƐĞůĞĐƚŽƌ
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6HYHUDO H[WHQVLRQV KDYH EHHQPDGH WR 6802ZLWKLQ WKH L7(75,6 SURMHFW 7KHPDMRU RQHV ZLOO EH
GLVFXVVHGLQWKHIROORZLQJ
3ROOXWDQWDQG1RLVH(PLVVLRQ0RGHOLQJ
L7(75,6 SXW D VWURQJ HPSKDVLV RQ DOORZLQJ WRPHDVXUH WKH HQYLURQPHQWDO HIIHFWV RI WKH GHYHORSHG
9; DSSOLFDWLRQV 7KLV UHTXLUHPHQW QHFHVVLWDWHG DQ H[WHQVLRQ RI WKH WUDIILF VLPXODWLRQ E\ PRGHOV IRU
SROOXWDQW DQG QRLVH HPLVVLRQ DV ZHOO DV IRU IXHO FRQVXPSWLRQ ,W ZDV DVVXPHG WKDW DQ H[LVWLQJ PRGHO
VKRXOGEHUHXVHG$QLQLWLDOHYDOXDWLRQRIDYDLODEOHPRGHOVUHVXOWHGLQDOLVWRIPRGHOV IRUSROOXWDQW
HPLVVLRQIXHOFRQVXPSWLRQDQGPRGHOVIRUQRLVHHPLVVLRQ7KHYDULHW\RIWKHIRXQGPRGHOVZDVYHU\
ODUJH HVSHFLDOO\ZLWKLQSROOXWDQW HPLVVLRQPRGHOV UDQJLQJEHWZHHQ FRDUVHPDFURVFRSLFPRGHOVZKLFK
QHHG RQO\ WKH GULYHQ GLVWDQFHV DQG URDG W\SHV DV LQSXW DQG YHU\ ILQHJUDLQHG HPLVVLRQ PRGHOV ZKLFK
UHTXLUHSDUDPHWHUDVHQJLQHGLVSODFHPHQWDLUFRQGLWLRQHUSDUDPHWHUHWF,QRUGHUWRILQGDPRGHOZKLFKILW
RXUQHHGVWKHLQSXWQHHGHGE\WKHIRXQGPRGHOVZDVSXWDJDLQVWSDUDPHWHUVRIWKHYHKLFOHVVLPXODWHGLQ
6802$OVRLWZDVYHULILHGWKDWWKHGHVLUHGRXWSXWYDOXHV±WKHHPLVVLRQRIWKHSROOXWDQWV&2&212[
30[DQG+&DVZHOODV IXHOFRQVXPSWLRQ±FRXOGEHFRPSXWHGE\WKHPRGHO$IWHUWKLVFRPSDULVRQLW
ZDV GHFLGHG WR XVH WKH +%()$ GDWDEDVH ,1)5$6  DV DQ LQSXW IRU WKH HPLVVLRQ PRGHO 7KLV
GDWDEDVHLQFOXGHVHPLVVLRQVIRUFODVVHVRIYHKLFOHV7KHYDOXHVVWRUHGLQWKHGDWDEDVHZHUHH[WUDFWHG
IRU HDFK +%()$ HPLVVLRQ FODVV LQGLYLGXDOO\ DQG ILWWHG WR D EDVLF HQHUJ\ FRQVXPSWLRQ IXQFWLRQ 0
7UHLEHU$.HVWLQJ&7KLHPDQQ
$VWKHQXPEHURIYHKLFOHFODVVHVVWRUHGLQWKH+%()$GDWDEDVHLVYHU\ODUJHWKHREWDLQHGFXUYHVZHUH
FOXVWHUHGLQRUGHUWRMRLQVLPLODU+%()$YHKLFOHFODVVHV7KLVUHGXFWLRQRIPRGHOHGFODVVHVZDVGRQHWR
VLPSOLI\ WKH SURFHVV RI VHWWLQJ XS D VLPXODWLRQ 7KH LPSOHPHQWDWLRQ DOORZV WKH UHWULHYDO RI SROOXWDQW
HPLVVLRQYDOXHVDVZHOODV WKHIXHOFRQVXPSWLRQIRUHDFKYHKLFOH LQHDFKVLPXODWLRQVWHS ,WDOVRDOORZV
DJJUHJDWHGRXWSXWVSHUYHKLFOHSHUHGJHRUSHUODQHRYHUFKRVHQWLPHLQWHUYDOV
7KH +$50212,6( 5 1RWD DQG 5 %DUHOGV DQG + YDQ /HHXZHQ  PRGHO ZDV XVHG IRU
PRGHOLQJDYHKLFOH¶VQRLVHHPLVVLRQ7KHLPSOHPHQWDWLRQDOORZVDJJUHJDWHGRXWSXWVSHUHGJHRUSHUODQH
RYHUFKRVHQWLPHLQWHUYDOV
,QWHUIDFHVWRH[WHUQDO$SSOLFDWLRQV
$VVWDWHGEHIRUH6802DOORZVDQH[WHUQDODSSOLFDWLRQWRFRQQHFWWRDVLPXODWLRQDQGWRLQWHUDFWZLWK
WKHVLPXODWLRQXVLQJ³7UD&,´:LWKLQL7(75,6WKHQXPEHURISRVVLEOHLQWHUDFWLRQVZDVLQFUHDVHG1RZ
DOPRVW DOO VLPXODWHG DUWLIDFWV FDQ EH DFFHVVHG DQG LQIOXHQFHG LQFOXGLQJ WUDIILF OLJKWV YHKLFOHV YHKLFOH
W\SHVYHKLFOHURXWHVLQGXFWLRQORRSVHWFDVZHOODVWKHSDUWVWKHQHWZRUNLVPDGHRIQDPHO\ODQHVHGJHV
URDGVDQGLQWHUVHFWLRQV
6XE6HFRQG6LPXODWLRQ7LPH6WHSV
2QH PDMRU IHDWXUH ZDQWHG E\ WKH 9; VLPXODWLRQ FRPPXQLW\ ZDV WKH DELOLW\ WR UXQ WKH WUDIILF
VLPXODWLRQZLWKWLPHVWHSVEHORZV7ZRUHDVRQVPRWLYDWHWKLVLWKHIDFWWKDWWKHSURFHVVHVVLPXODWHGE\
FRPPXQLFDWLRQ VLPXODWLRQV DUH YHU\ ILQHJUDLQHG LQ WLPH DQG LL WKH ZLVK WR VLPXODWH VDIHW\UHODWHG
DSSOLFDWLRQVZKLFKQHHGVPDOOHUWLPHVWHSVDVWKHWULJJHUHGDFWLRQVLQIOXHQFHYHKLFOHG\QDPLFVRQDILQH
JUDLQHGWLPHVFDOHWRR
7RPHHW WKHVHUHTXLUHPHQWV6802¶VVLPXODWLRQFRUHZDVUHZRUNHG WRPLOOLVHFRQGVDV LQWHUQDO WLPH
PHDVXUH LQVWHDGRIVHFRQGV7KHDFWXDOVWHS WLPH IRUDVLPXODWLRQVWHSFDQEHFRQILJXUHGDW WKHVWDUWRI
VLPXODWLRQDQGPD\EHDYDOXHEHWZHHQDQGPV7KHGHIDXOWZDVNHSWE\V
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7KHL7(75,6&RQWURO6\VWHPL&6
7RFRRUGLQDWHERWKVLPXODWRUVQVDQG6802DWKLUGFRPSRQHQWLVQHHGHG7KLVWKLUGFRPSRQHQWLV
WKH L7(75,6 &RQWURO 6\VWHP L&6 GHYHORSHG ZLWKLQ L7(75,6 ,W LV UHVSRQVLEOH IRU VWDUWLQJ ERWK
VLPXODWRUV IRU VWDUWLQJ WKH WUDIILF PDQDJHPHQW DSSOLFDWLRQV WR VLPXODWH IRU V\QFKURQL]LQJ DOO WKHVH
H[WHUQDODSSOLFDWLRQVDQGIRUSDVVLQJLQIRUPDWLRQEHWZHHQWKHPDVGHSLFWHGLQ)LJXUH$OWKRXJKRWKHU
DUFKLWHFWXUHVIRUFRXSOLQJVLPXODWLRQVH[LVWLWZDVGHFLGHGWRXVHEDVLF7&3,3VRFNHWFRQQHFWLRQV7KLV
KDVVRPHDGYDQWDJHVVXFKDVWKHSRVVLELOLW\WRXVHDVLPSOHFRPPXQLFDWLRQSURWRFRORUWKHSRVVLELOLW\WR
NHHSWKHLQWHUIDFHVLPSOHDOORZLQJWKHDGDSWDWLRQRIRWKHUFRPPXQLFDWLRQDQGRUWUDIILFVLPXODWLRQVWRWKH
V\VWHPPRUHHDVLO\
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)LJ7KHFRPSOHWHVLPXODWLRQH[HFXWLRQV\VWHPLQFOXGLQJWKHXVHGVLPXODWRUVWKHVLPXODWHGDSSOLFDWLRQVDQGWKHFRQWURO
LQVWDQFH&$0VDUH&RRSHUDWLYH$ZDUHQHVV0HVVDJHVZKHUHDV&7(0DUH&RRSHUDWLYH7UDIILF(QYLURQPHQW0HVVDJHV
:KHQUXQWKHL&6VWDUWVWKHLQYROYHGVLPXODWRUVDQGWKHDSSOLFDWLRQVWRVLPXODWHILUVW$VVRRQDVDOO
VLPXODWRUV DUH UHDG\ FRQQHFWLRQV WR WKHP DUH HVWDEOLVKHG DQG WKH VLPXODWLRQ ORRS EHJLQV 7KH L&6
VLPXODWLRQ ORRS ZRUNV DV IROORZV $W ILUVW D VLPXODWLRQ VWHS RI QV LV H[HFXWHG ZKLFK VLPXODWHG WKH
H[FKDQJHRI9;PHVVDJHV7KHLQIRUPDWLRQDERXWUHFHLYHGPHVVDJHVLVVHQWEDFNWRWKHL&6,QWKHQH[W
VWHS RQH VWHS LQ 6802 LV H[HFXWHGPRYLQJ YHKLFOHV WKURXJK WKH URDG QHWZRUN DQG VHQGLQJ EDFN WKH
LQIRUPDWLRQ DERXW WKH VLPXODWHG HTXLSSHG YHKLFOHV¶PRYHPHQW %RWK GDWD WKH H[FKDQJHGPHVVDJHV DV
ZHOO DV WKH YHKLFOH PRYHPHQWV DUH WKHQ SDVVHG WR WKH VLPXODWHG DSSOLFDWLRQV DQG RQH VWHS RI WKH
DSSOLFDWLRQVLVH[HFXWHG)LQDOO\WKHLQIRUPDWLRQDERXWYHKLFOHSRVLWLRQVDQGDERXWPHVVDJHVWRVFKHGXOH
IRUEHLQJVHQGLVJLYHQWRQV7KLVFRQFOXGHVRQHLWHUDWLRQRIWKHL&6ORRSDQGWKHQH[WRQHVWDUWV
(YDOXDWLRQ5HVXOWV
7KHILQDOVWHSRIWKHSURMHFWZDVWKHXVDJHRIWKHREWDLQHGVLPXODWLRQV\VWHPIRUHYDOXDWLQJPHVVDJH
IRUZDUGLQJSURWRFROVDVZHOODVIRUHYDOXDWLQJWUDIILFPDQDJHPHQWDSSOLFDWLRQV
7KH IROORZLQJ PHVVDJH IRUZDUGLQJ SURWRFROV ZHUH HYDOXDWHG $ELGLQJ*HR&DVW %L=RQH %URDGFDVW
3URWRFRO %=% &RQWHQWLRQ EDVHG IRUZDUGLQJ &%) 'LVWULEXWHG DQG UHDO WLPH FRPPXQLFDWLRQV URDG
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FRQQHFWLYLW\GLVFRYHU\WKURXJKYHKLFXODUDGKRFQHWZRUNV'L5&R'*UHHG\3HULPHWHU6WDWHOHVV5RXWLQJ
*365/$1(EDVHGYHKLFXODUGHQVLW\HVWLPDWLRQ5RXWLQJ3URWRFRO/$1(530RE&DVW.HHSDOLYH
IRUDJHRJUDSKLFDODUHD0XOWLKRSYHKLFXODUEURDGFDVWLQJ0+9%0RYHPHQW3UHGLFWLRQEDVHG5RXWLQJ
0235 6SDWLDOO\ $ZDUH 5RXWLQJ 6$5 0DSOHVV URDG WRSRORJ\ DZDUHQHVV 23SRUWXQLVWLFGULYHQ
DGDSWLYH 5$GLR UHVRXUFH 0DQDJHPHQW 235$0 5HOLDEOH 'LVWDQW1HLJKERUV 'HWHFWLRQ 9DULDQW
5('1(7$SSOLFDWLRQOD\HUFRQJHVWLRQFRQWUROSROLF\,QIRUPDWLRQFHQWULF3UREDELOLVWLF&DVWLQJL3&
DQG 5RDG 7RSRORJ\2ULHQWHG &RQWHQWLRQEDVHG )RUZDUGLQJ VFKHPHV 7232&%) 0RVW RI WKHVH
SURWRFROVFRPELQHVRPHNQRZQPHWKRGVIRUNHHSLQJWKHPHVVDJHDOLYHDQGIRUEULQJLQJLWWRWKHLQWHQGHG
GHVWLQDWLRQVXFKDVUHEURDGFDVWLQJVWRUHDQGIRUZDUGIRUZDUGLQJEDVHGRQURDGWRSRORJ\WUDQVPLVVLRQ
SRZHUFRQWUROUDGLROLQNUHOLDELOLW\HWF7KHHYDOXDWLRQVKRZVWKDWDOORIWKHVHPHWKRGVEULQJEHQHILWVE\
LQFUHDVLQJWKHSURWRFRO¶VUREXVWQHVVLQFRQJHVWHGDQGLQVSDUVHQHWZRUNVHYHQLIPHVVDJHVDUHGXSOLFDWHG
$GGLWLRQDOO\WKHHYDOXDWLRQVVKRZWKDWDFRPELQDWLRQRIVXFKPHWKRGVLVQHHGHGLIWKHVFHQDULRLVYDU\LQJ
LQYHKLFOHGHQVLW\URDGW\SHRUURDGGHQVLW\
1LQH WUDIILFPDQDJHPHQWDSSOLFDWLRQVZHUHHYDOXDWHGSDUWLDOO\UHXVLQJ WKHGHVFULSWLRQVPHQWLRQHG LQ
VHFWLRQ7KHUHVXOWVFDQEHIRXQG LQL7(75,6D%DX]D*R]DOYH]6DQFKH]6RULDQRRU
%LHNHU.UDM]HZLF]DQGFDQEHVXPPDUL]HGDVIROORZLQJ
x KHDUWEHDWPHVVDJHVVHQWE\9;HTXLSSHGYHKLFOHVFDQEHXVHGWRLQFUHDVHWKHNQRZOHGJHDERXWWKH
VWDWHRIWKHQHWZRUNWKRXJKFRQYHQWLRQDOORFDOPHDVXUHPHQWVRIWUDIILFIORZKDYHWREHUHSODFHGE\
RWKHULQIRUPDWLRQVXFKDVWUDYHOWLPHVRQDJOREDOOHYHORUORFDOYHKLFOHYHORFLWLHV
x FRQYHQWLRQDOGHWHFWRUVVXFKDVLQGXFWLRQORRSVFDQEHSDUWLDOO\UHSODFHGE\9;FRPPXQLFDWLRQLI
ODUJHUSHQHWUDWLRQUDWHVDUHJLYHQ
x WKH9;WHFKQRORJ\FDQEHXVHGIRUSULRULWL]LQJYHKLFOHVIRUH[DPSOHHPHUJHQF\YHKLFOHV
x ZKHQGHYHORSLQJ9;DSSOLFDWLRQVRQHKDVWRWDNHLQWRUHJDUGWKHSHQHWUDWLRQUDWHDVQDwYH
DSSOLFDWLRQVPD\WHQGWRGHJUDGHLQSHUIRUPDQFHZLWKDQLQFUHDVLQJSHQHWUDWLRQUDWH
6XPPDU\
7KH SUHSDUDWLRQZRUN GRQH LQ L7(75,6 SXW WKH GHYHORSPHQW RI WKH VLPXODWLRQ RQ D VWDEOH JURXQG
DVVXULQJ WKDW WKH V\VWHP ZLOO EH DSSOLFDEOH WR UHDOZRUOG SUREOHPV DQG HQJLQHHU LGHDV $GGLWLRQDOO\
WUDIILF VFHQDULRV XVDEOH ZLWKLQ WKH QH[W SURMHFW VWHSV ZHUH REWDLQHG WRJHWKHU ZLWK IXUWKHU LQIRUPDWLRQ
DERXWWKHWUDIILFRIWKHFLW\RI%RORJQD7KHGHYHORSHGPHDVXUHVDOORZWKHFRPSDULVRQRIUHVXOWVREWDLQHG
DFURVVGLIIHUHQWVLPXODWLRQUXQV
%RWKVLPXODWRUVFKRVHQZHUHH[WHQGHGIRUEHLQJFDSDEOHWRSHUIRUPVLPXODWLRQVRIPRGHUQYHKLFXODU
FRPPXQLFDWLRQ LQFOXGLQJ WKHHPEHGGLQJRIPRGHUQPHVVDJHSURSDJDWLRQPRGHOVSURWRFRO VWDFNV DQG
PHVVDJH IRUZDUGLQJ SURWRFROV ZLWKLQ WKH FRPPXQLFDWLRQ VLPXODWRU QV DQG HQYLURQPHQWDO RXWSXWV
LQWHURSHUDELOLW\$3,VDQGVXEVHFRQGWLPHVWHSVZLWKLQWKHWUDIILFVLPXODWRU6802)XUWKHUFRPSRQHQWV
QHHGHG IRU WKH VLPXODWLRQ RI YHKLFXODU FRPPXQLFDWLRQ ZHUH HPEHGGHG LQWR WKH LQVWDQFH QHHGHG IRU
FRXSOLQJVLPXODWRUVQDPHG³L&6´
7KH REWDLQHG VLPXODWLRQ V\VWHP¶V XVDELOLW\ KDV EHHQ SURYHQ E\ HYDOXDWLQJ GLIIHUHQW PHVVDJH
IRUZDUGLQJSURWRFROVDQGGLIIHUHQW WUDIILFPDQDJHPHQWDSSOLFDWLRQV7KH UHVXOWVRI VLPXODWLQJ WKH ODWWHU
SURYHDODUJHSRWHQWLDORIYHKLFXODUFRPPXQLFDWLRQIRUWUDIILFPDQDJHPHQWEXWDOVRWKHQHHGWRGHYHORS
WUDIILFPDQDJHPHQWDSSOLFDWLRQWRDGHJUHHRIKLJKPDWXULW\EHIRUHLQVWDOOLQJWKHPLQWKHUHDOZRUOG
0RVW RI WKH UHVXOWV REWDLQHG GXULQJ WKH SURMHFW LQFOXGLQJ GRFXPHQWV GDWD DQG H[WHQVLRQV WR WKH
LQYROYHGVLPXODWRUVDVZHOODV WKH VRIWZDUHFRXSOLQJ WKHPZHUHPDGHDYDLODEOH WR WKHSXEOLFXQGHU WKH
JHQHUDO SXEOLF OLFHQVH *3/ 3OHDVH QRWH WKDW QRW DOO RI WKH DFKLHYHG UHVXOWV FRXOG EH SUHVHQWHG KHUH
2WKHUVFDQEHUHTXHVWHGDWWKHSURMHFW¶VZHESDJHVL7(75,6E
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,W VKRXOG EH VWDWHG WKDW ERWK FRPPXQLFDWLRQ DQG WUDIILF PRGHOV DUH VWLOO D PDWWHU RI VFLHQWLILF
UHVHDUFK:LWKWKHFXUUHQWO\VWDUWLQJILHOGRSHUDWLRQDOWHVWV)27VVXFKDV'5,9(&;6&25(#)RU
VLP7'DGGLWLRQDOGDWDZLOOJHWDYDLODEOHZKLFKZLOODOORZWRIXUWKHULPSURYHWKHVHPRGHOV
$FNQRZOHGJHPHQWV
:HZDQWWRWKDQNWKH(XURSHDQ&RPPLVVLRQIRUFRIXQGLQJWKHL7(75,6SURMHFWXQGHUWKH)3,&7
FRQWUDFW 1R )3  DV ZHOO DV SURMHFW SDUWQHUV ZKR KDYH QRW FRQWULEXWHG WR WKLV SDSHU QDPHO\
7KDOHV&RPPXQLFDWLRQV)UDQFH+LWDFKL(XURSH6$68QLYHUVLGDG0LJXHO+HUQDQGH]&LW\RI%RORJQD
&%7&RPXQLFDFLRQ	0XOWLPHGLDDQG,QQRYDOLD$VVRFLDWLRQ
(85(&20 DFNQRZOHGJHV WKH VXSSRUW RI LWV LQGXVWULDO PHPEHUV %0: *URXS &LVFR 0RQDFR
7HOHFRP2UDQJH6$36)567(ULFVVRQ6ZLVVFRPDQG6\PDQWHF-pU{PH+lUULIXUWKHUDFNQRZOHGJHV
WKHVXSSRUWRIWKH)UHQFK'*&,626(2IRUWKH)273URMHFW6&25(#)
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